Polymorphonuclear granulocytes (PMN) are valuable tools for evaluating amino acid (AA) metabolism in nucleated cells, although variations of free amino acid concentrations due to the methods used for the separation of the cells and the procedures used for lysis have been reported. Furthermore, analytical variations in PMN AA concentration may be induced by protease activation during preparation, so that free AA detected in cells could originate from proteolysis other than from the physiological metabolic pathways and transport systems. To study this possibility we measured granulocyte protease activity and AA concentrations in cell suspensions processed with and without the addition of antiproteolytic agents. Granulocyte AA concentrations and protease activity in samples treated with antiproteolytics were 8-15 times lower than in samples processed without antiproteolytics. The use of protease inhibitors throughout the sample preparation is necessary for reliable estimation of free AA in granulocytes.
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Free intracellular amino acids (AA) are the currency through which protein metabolism operates and their intracellular distribution is one of the major factors in regulation of protein synthesis.J:" Determination of free AA can therefore provide useful information about the total pool of each free AA and also about protein metabolism. Intracellular AA have been studied mostly in muscle, the largest pool of free AA in the body, obtained by biopsy. Polymorphonuclear granulocytes (PMN) offer an alternative cell model, since the major metabolic pathways are present in PMN.5-9 Furthermore, the metabolism of PMN is similar to that of other nucleated cells and it has been reported that the AA for protein synthesis in PMN are drawn predominantly from the intracellular pool, which contains most of the free AA generally found in tissues (e.g. muscle). 10.11 PMN are easily accessible by a minor procedure and the determinations can be repeated serially and performed even in very young children. There Correspondence: Dr Alba Carrea. are several reports indicating the value of PMN in studying the intracellular metabolism of free AA in relation to nutritional factors 12-16 and in various pathological states. 17-25 PMN AA concentrations have been expressed in various ways: (1) as JLmollmL or JLmollkg intracellular water; 20,26,27 (2) in relation to the number of cells;12,28 (3) in relation to the mass of alkali soluble proteins 23,25 or of DNA.15.29 Different methods have been used for the separation of the cells and the lysis procedures. [30] [31] [32] [33] Variations in PMN AA concentration may be induced by protease activation during the separation and lysis procedures. Indeed, PMN contain many proteolytic enzymes which act as mediators of tissue inj ury34,35 and are implicated in a variety of disease processes. [36] [37] [38] [39] [40] It is known that PMN contain several neutral proteases, i.e. elastase, cathepsin and collagenase, that could degrade endogenous proteins within cells, particularly in the lysosomes.P:"
The aim of this study was to evaluate if some of the free AA measured in granulocyte suspensions could originate from proteolysis other than from the physiological metabolic pathways and transport systems. We measured PMN protease activities and AA concentrations in cell suspensions, from the same blood sample, processed with or without the addition of a combination of antiproteolytic agents able to block the action of proteases within cells. 42 -44 
MATERIALS AND METHODS

Instruments
A Waters (Milford, MA, USA) liquid chromatographic system with a system controller (Waters 6ooE) and an autosampler (Gilson Model 231) was used. The fluorescence of the ortho-phthaldialdehyde (OPA) derivatives of amino acids was routinely monitored with a Model RF-530 fluorimeter (Shimadzu, Kyoto, Japan) with a 12,.u.., flow-cell and a xenon lamp at an excitation wavelength of 330 nm and an emission wavelength of 450 nm. Continuous on-line quantitation of the HPLC results was obtained with a C-R3A data processor (Shimadzu). Separation was carried out on 5-p.m Spherisorb ODS2 (250x4'6mm ID, Cromopak) columns. The analytical column was coupled to a guard column (50 x 4' 6 mm ID) filled with the same material.
Reagents
Sodium dihydrogen phosphate, potassium hydrogen phosphate, sodium hydrogen phosphate, sodium tetraborate, sulpho-5-salicylic acid (SSA), 2-mercaptoethanol (2ME), methanol and tetrahydrofuran were obtained from Merck (Darmstadt, Germany). Brij (3001D solution) was obtained from Pierce Chemical Company (Rockford, lL, USA), OPA and Pronase from Sigma (St Louis, MO, USA) and mono-poly resolving medium (M-PRM) from Flow Labs. (McLean, VI, USA).
The AA standard containing 24 AAs was obtained by adding crystalline asparagine, glutamine, citrulline, l-methylhistidine, 3-methylhistidine, taurine, ornithine, tryptophan and homoserine obtained from Sigma to the commercial Sigma standard. Leupeptin, pepstatin, phenylmethanesulphonyl fluoride (PMSF), ethylenediamine tetracetate (EDTA) and Azocoll were obtained from Boehringer Mannheim (Indianapolis, IN, USA). All chemicals and solvents were of analytical grade.
Procedure
Blood sample: Twenty millilitres of heparanized blood from each of 10 healthy adult volunteers were collected after a 14 h fast.
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Granulocyte separation: The granulocytes were isolated as previously described." After the separation of PMN from blood on M-PRM, the cells were washed in Hank's balanced salt solution (BSS), Ca and Mg free, and the red cells lysed by adding distilled water. After centrifugation, the pellet was suspended in O' 5 mL O' 16 M potassium chloride. Apart from centrifugation, all subsequent procedures were performed with the sample kept in crushed ice.
The separation was performed in duplicate, with and without the addition of a combination of fresh protease inhibitors to the M-PRM, Hank's solution, distilled water and potassium chloride. The mixture of protease inhibitors consisted of: Leupeptin (l p.M/L), Pepstatin 
Amino acid extraction
The cell suspension was lysed by three cycles of freezing and thawing; the cells were frozen at -80°for 15 min and thawed at 4°for 60 min. The suspension was deproteinized by adding SSA (7 mg of SSA per mL of suspension).
Chromatographic AA analysis
The derivatization procedure and the HPLC gradient system for PMN AA analysis were as previously described."
DNA analysis
DNA analysis was based on the Schmidt-Tannhauser technique." For DNA extraction, 80 p.L of cell suspension were hydrolyzed by adding 400 p.L perchloric acid (0' 6 mol) and incubating for 30 min at 70°C. DNA was estimated by the diphenylamine reaction."
Proteolytic activity
Proteolytic activity was measured by the Azocoll method, a rapid and accurate but non-specific assay for proteolytic activity.t? Ten milligrams of Azocoll were suspended in 1 mL 100 mM phosphate buffer at pH 7. Each tube contained different amounts of a non-specific protease (pronase), which is a mixture of both endopeptidases (serine and metalloproteinases) and exopeptidases (carboxy and aminopeptidases), The concentration of Pronase in tubes ranged from 0'01 to 0·85 mU (Pronase activity units) and it was used as a reference curve for evaluation of the proteolytic activity in PMN suspensions processed with and without the addition of the antiproteolytic cocktail.
Seven hundred and fifty microlitres of buffer were added to 250 /oiL PMN suspension. After incubation for 6 h at 37°C the absorption was measured at 520 nm. Enzyme activity was expressed as mU pronase/mg DNA.
Statistical analysis
The data was analysed by applying Student's t test and orthogonal regression analysis. Table 1 lists the elution order of AA-OPA derivatives, the retention times and the fluorescence intensities compared with those of homoserine, which was used as internal standard. The mean variation in retention times for amino acids in standard, plasma and PMN suspension was ±O'2-2070 (n = 18). Table 1 shows retention times as the mean values after five runs under similar conditions.
RESULTS
Orthogonal regression analysis of the area of each amino acid peak versus concentration over the range 2'5 to 125 pmol per 20 /oiL injected onto the column gave correlation coefficients ranging from 0'953 to 0·966 for the 23 amino acids analysed, with a coefficient of variation for the peak areas in the range 1-3%. The absolute analytical recoveries calculated with the pure AA standard (10 /oImol/L) added to cell suspension before deproteinization are also shown in Table 1 . It was not possible to calculate the analytical recovery for taurine and alanine because the presence of very high levels of taurine and (probably) of hypotaurine and cysteinsulfonic acid in cell suspensions do not allow the separation of the two peaks. The detection limit of the assay was 10 pmol of each AA injected onto the column, at a signal-to-noise ratio of two; this corresponds to a concentration of 2 /oImol/L in the PMN suspension.
The proteolytic activity in the PMN suspension from samples processed with and without the antiproteolytic mixture is shown in Fig. 1 . Protease activity, assessed by the Azocoll method, was detectable in samples processed as usual, whereas it was almost completely inhibited in the samples with the addition of the antiproteolytic cocktails.
No peak that could interfere with AA analysis was detected in a chromatographic analysis of the antiproteolytic mixture. Table 2 . Concentrations of threonine, methionine, valine, phenylalanine, isoleucine, leucine and tryrosine were 8 to 15 times lower in samples treated with antiproteolytics. Concentrations of arginine and lysine in treated samples were 22 to 32 times lower.
Possible leakage of AA from the leucocytes during treatment with anti proteolytic agents was investigated. Chromatographic analysis of the washing buffers showed negligible concentrations of free AA.
DISCUSSION
It has been reported that the intracellular water (ICW) content correlates with the DNA content according to ICW {JIL)= 1'93+0·005 DNA {JIg) (P=0·OOOl).2o This relationship has been used PMN contain a variety of proteolytic enzymes, including elastase, cathepsins G, Band D and collagenase;" An important function of proteases is the degradation of endogenous protein within cells, particularly in the lysosomes.P-" Ann Clin Biochem 1993: JO Separating, washing, and lysing of cells may represent potential activatory stimuli of proteases and an activated proteolytic activity could in turn result in the release of a large amount of AA from intracellular protein. The use of protease inhibitors throughout the procedure of preparation of PMN can lead to a reliable analysis of free AA in PMN, overcoming the problem of AA release from proteins. We decided to use a cocktail of leupeptin and PMSF for serine and thiol proteases like elastase, cathepsin G, cathepsin Band pepstatin for acid protease such as cathepsin D and EDT A for metalloproteases such as collagenase. This combination of protease inhibitors can effectively eliminate almost all protease activity and gives an effective protection against proteolysis (Fig. 1) .
PMN AA from samples processed with and without the antiproteolytic cocktail show important differences ( Table 2) The precision of AA measurements in PMN is similar to that found in other tissues, e.g. muscle.P This observation supports the hypothesis that the variability is not affected by the antiproteolytic treatment but probably related to interindividual variation.
We conclude that the use of protease inhibitors throughout the sample preparation procedure is necessary for reliable determination of free AA inPMN. 
